Filaggrin is deiminated by peptidylarginine deiminase (PAD), resulting in its unfolding and further degradation into hygroscopic amino acids which constitute the natural moisturizing factors (NMF) that maintain epidermal hydration (7, 8) . NMF consists primarily of amino acids, including citrulline, and their derivatives, such as pyrrolidone carboxylic acid (PCA) and urocanic acids, together with lactic acid, urea, citrate and sugars (9) (10) (11) . Previously, we identified the neutral cysteine protease bleomycin hydrolase (BH) as an NMF-generating enzyme, and also showed that calpain I is an upstream protease in the filaggrin degradation pathway (12) . BH inactivates the anti-tumor antibiotic bleomycin by hydrolyzing the amide bond in the β-aminoalanine moiety.
Although BH is widely expressed in mammalian tissues (13) (14) (15) (16) , skin seems to contain the highest amount, and relatively high levels of BH were detected in the kidney and liver of 6-week-old male rats (16) . BH exhibits mainly broad-specificity aminopeptidase activity, with citrulline being the most effective substrate (12, 14) . It is involved in homocysteine-thiolactone metabolism (17) , antigen presentation (18, 19) and amyloid-b-peptide clearance (20, 21) .
Interestingly, BH knockout mouse shows analogous phenotypes to those of filaggrin-deficient flaky tail ft/ft mouse, including ichthyosis and atopy-like phenotype and tail constriction (22) (23) (24) . These findings indicate that BH has a role in maintaining epidermal barrier function.
Nucleotide sequence analysis of the 5'-flanking region of the human BH gene revealed that it has characteristic features of a housekeeping gene (25) Table S3 ). Nuclear extraction and EMSA were performed using a Nuclear The lens was Plan APOCHROMAT 20×
magnification.
Western blot analysis-SDS-PAGE for
tape-stripped extracts from normal and AD skin was done using 5-20% polyacrylamide gels (e-PAGEL E-T520L, ATTO) under reducing conditions. After electroblotting, the Immobilon-P PVDF membrane (Millipore, MA)
was stained with rabbit anti-BH IgG, followed by ECL Anti-rabbit IgG HRP-linked F(ab') fragment from donkey (GE healthcare). BH was detected using an ECL plus Western Blotting Detection System (GE healthcare).
Measurement of BH activity in skin -
Corneocytes were obtained by means of tape-stripping from lesional and non-lesional Table S4 .
RESULTS

Isolation and characterization of human BH gene promoter-
To define the promoter region of BH more closely, deletion analyses were carried out ( When the binding sites of MZF-1, Sp-1, and IRF-1/2 were deleted, the promoter activity was markedly down-regulated ( Fig. 2A) . (Fig. 3A) . However, these Th2 cytokines significantly suppressed expression of the activator molecules, MZF-1 and Sp-1. Thus, it is plausible that Th2 cytokines negatively regulate BH expression.
We also showed that BH was dramatically EMSAs were performed using a synthetic oligonucleotide probes corresponding to regions containing putative transcription factor binding sites, and nuclear extracts (5 mg) of cultured keratinocytes.
Sequences of the probes used are given in Supplemental Table S3 . The protein-DNA complexes were resolved on 6% polyacrylamide gels in 0.5% TBE buffer. 
